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$\mu=(\frac{R}{\lambda})^{2}\ll 1$ , $\epsilon=\frac{c}{R}\ll 1$
.
$\phi$ .
, , $\phi$ $h=h(x, t)$ ,
$( \frac{\partial}{\partial t}+M\frac{\partial}{\partial x})^{2}h+\mu J\frac{\partial^{4}h}{\partial x^{4}}+Gh=-\sigma s\frac{\partial^{2}h}{\partial t^{2}}-\epsilon^{2}\sigma\alpha h\frac{\partial^{2}}{\partial t^{2}}(h^{2})+\mu\sigma\eta(\frac{\partial^{2}}{\partial t^{2}}-\frac{\partial^{2}}{\partial x^{2}})\frac{\partial^{2}h}{\partial t^{2}}$ (1)
[1]. $M$ , $(=U/a_{0})$ , $J$ $G$ ,
, $s,$ $\alpha,$ $\eta$ . , $\sigma$ ,
$(0<\sigma\ll 1)$ . (1)






, 1 , $h(x-Mt)$ $x$ $t$
.
$\xi=x-Mt$ , $\tau=\sqrt{\sigma}t$
, $\beta$ , $h(\zeta=x-Mt-\sqrt{\sigma}\beta t)$ , (1)
$C_{1} \frac{d^{2}h}{d\zeta^{2}}+\epsilon^{2}C_{2}h\frac{d^{2}}{d\zeta^{2}}(h^{2})+C_{3}\frac{d^{4}h}{d\zeta^{4}}+\frac{G}{\sigma}h=0$ (2)








. (1) $(\epsilonarrow 0),$ $h$ $\exp[\mathrm{i}(kx-\omega t)]$ .
$k,$ $\omega$ , , . $\epsilon=0$ (1) .
$(\omega-Mk)^{2}-\mu Jk^{4}-G=-\sigma s\omega^{2}-\mu\sigma\eta(\omega^{2}-k^{2})\omega^{2}$ (3)






. $\omega^{(1)}$ $”\pm$” 2 “ ” ( 2) , $\omega^{(3)}$
. $G$ , , $\omega^{(1)}$ $k<(\sigma s/\mu J)^{1/2}M$
, .








. 2 , $\mathrm{A}\mathrm{a}$ ,
.
, . $(\omega, .k)$
critical point .
critical point $\sigma$ . $(\omega, k)$ $\beta$
$\omega=Mk+\sigma^{1/2}\beta k$ 5 , (4)
:
$\sigma^{1/2}\omega^{(1)}+\sigma\omega^{(2)}+\sigma^{3/2}\omega^{(3)}+\ldots-\sigma^{1/2}\beta k\equiv W(k)=0$ . (6)




$O(\sigma)$ . critical point $\beta$ $k$ $\beta_{\mathrm{c}}$ k
. (7) (8) , $\beta_{\mathrm{c}}$ k
$\beta_{\mathrm{c}}+\sigma^{1/2}sM=\pm(-sM^{2}+\frac{2\mu}{\sigma}Jk_{\mathrm{c}}^{(0)2})^{1/2}\equiv\pm\beta_{\mathrm{c}}^{(0)}$ , (9a)
$k_{\mathrm{c}}=( \frac{G}{\mu J})^{1/4}\equiv k_{\mathrm{c}}^{(0)}$ (9b)









k=k $\omega=Mk+\sigma^{1/2}\beta k$ ,
$\beta=-\beta_{\mathrm{c}}^{(0)}-\sigma^{1/2}sM-\sigma\beta_{\mathrm{c}}^{(2)}\equiv\beta_{\mathrm{c}}^{-}$ . (13)
k=k $\omega=Mk+\sigma^{1/2}\beta k$ . $-\sigma^{1/2}sM$
$|\beta_{\mathrm{c}}^{\pm}|$ .
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3(1) , (2) .
(2) $k$ $\exp(\mathrm{i}k\zeta)$ . $k$ $C_{1}^{2}-4GC_{3}/\sigma\geq 0$
. , $\beta\geq\beta_{\mathrm{c}}^{+}$ , $\beta\leq\beta_{\mathrm{c}}^{-}$
. $\beta_{\mathrm{c}}^{-}<\beta<\beta_{\mathrm{c}}^{+}$ $\beta$ .
3.1
Jacobi , (2)
. , $h0,$ $k_{0}$ , ;
$m^{2}$ , $h$
$h=h_{0}\mathrm{c}\mathrm{n}(k_{0}\zeta, m)$ (14)
, (2) $h_{0}$ $k_{0}$ ,
$h_{0}^{2}= \frac{4k_{0}^{2}m^{2}C_{3}}{\epsilon^{2}C_{2}}$ , $k_{0}^{2}= \frac{C_{1}}{2(1-2m^{2})C_{3}}=(\frac{G}{\sigma C_{3}})$
$1/2$
(15)
. , $\mathrm{s}\mathrm{n},$ $\mathrm{d}\mathrm{n}$ (2) ,
. (15) 1 $h_{0}$ $O(1)$
$m^{2}$ $O(\epsilon^{2})$ .
. 2 ,
, $k_{0}$ k $O(\sigma)$
.
$k_{0}^{2}= \frac{C_{1}}{2C_{3}}+\frac{C_{2}}{2C_{3}}h_{0}^{2}$ (16)
. $C_{1},$ $C_{2},$ $C_{3}$ (16)
$(\beta+\sigma^{1/2}sM)^{2}+sM^{2}=\sigma s^{2}M^{2}-\sigma s\beta^{2}$
$+2 \frac{\mu}{\sigma}[J+\sigma\eta(1-M^{2})M^{2}]k_{0}^{2}-C_{2}h_{0}^{2}$ (17)




, k=k , $(\beta’<0)$ $(\beta’>0)$




(2) $\sigma$ . $h$ $\beta$ $\sigma^{1/2}$
$h=h^{(0)}+\sigma^{1/2}h^{(1)}+\sigma h^{(2)}+\cdots$ , (19a)
$\beta=\beta^{(0)}+\sigma^{1/2}\beta^{(1)}+\sigma\beta^{(2)}+\cdots$ (19b)








$h^{(0)}=A\exp(\mathrm{i}\kappa\zeta 0)+A^{*}\exp(-\mathrm{i}\kappa\zeta 0)$ (23)
. $A$ $\zeta_{1},$ $\zeta_{2},$ $\cdots$ , $A^{*}$ $A$ .
$\kappa$





. $h^{(1)}$ 2 :
$-2( \beta^{(0)^{2}}+sM^{2})\kappa+\frac{4\mu}{\sigma}J\kappa^{3}=\frac{\mathrm{d}D}{\mathrm{d}\kappa}=0$, $2(\beta^{(1)}+sM)\beta^{(0)}=0$ . (26)
1 (24) , $\beta^{(0)}$ $\kappa$ critical point \beta k
, $\beta^{(0)}$ $\kappa$ $\pm\beta_{\mathrm{c}}^{(0)}$ $k_{\mathrm{c}}^{(0)}$ . 2 $\beta^{(1)}=-sM$
, $\beta$ $\beta_{\mathrm{c}}^{\pm}$ $O(\sigma^{1/2})$ .
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$O(\sigma)$ ,
$Lh^{(2)}=(P \frac{\partial^{2}A}{\partial\zeta_{1}^{2}}+Q|A|^{2}A-RA)\exp(\mathrm{i}\kappa\zeta 0)+\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{m}\mathrm{s}$ in $\exp(3\mathrm{i}\kappa)$
$+\mathrm{c}.\mathrm{c}$ . (27)
. $P,$ $Q,$ $R$
$P= \frac{1}{2}\frac{\mathrm{d}^{2}D}{\mathrm{d}\kappa^{2}}=-(\beta^{(0)2}+sM^{2})+\frac{6\mu}{\sigma}J\kappa^{2}=\frac{4\mu}{\sigma}J\kappa^{2}$, (28a)
$Q= \frac{4\epsilon^{2}}{\sigma}$ \mbox{\boldmath $\alpha$}M2\kappa 2 (28b)
$R=[-2 \beta^{(0)}\beta^{(2)}+2s^{2}M^{2}-\frac{2\mu}{\sigma}sJ\kappa^{2}+\frac{\mu}{\sigma}\eta(1-M^{2})M^{2}\kappa^{2}]\kappa^{2}$ (28c)
, $\beta^{(0)}=\beta_{\mathrm{c}}^{(0)}$ , \kappa =kc(0 . $\beta^{(2)}$ . $\partial A/\partial\zeta_{2}$ $A/\partial\zeta_{1}$
(26) . $h^{(2)}$
( $D(3\kappa)\neq 0$ ),
$P \frac{\partial^{2}A}{\partial\zeta_{1}^{2}}+Q|A|^{2}A-RA=0$ (29)
. Schr\"odinger . (29) $\beta$ $\kappa$
$\beta_{\mathrm{c}}^{\pm}$ k $O(\sigma^{1/2})$ , $A$
, $\kappa=k_{\mathrm{c}}^{(0)}$ $O(\sigma^{1/2})$






. P\kappa 21 $=R-Q|A_{0}|^{2}$ . (14)
. (14) k ( (1Oa) ), $k_{0}$ $O(\sigma^{1/2})$
. $\zeta_{1}=\sigma^{1/2}\zeta$ , (14) $\kappa_{1}=0$ .
$|A_{0}|^{2}$
$|A_{0}|^{2}=R/Q$ (31)
. $\beta^{(2)}=\beta_{\mathrm{c}}^{(2)}+\beta’$ , $R$ , $R$
$\mp 2\kappa^{2}\beta_{\mathrm{c}}^{(0)}\beta’$ . (28) $Q$ $|_{\sqrt}\mathrm{a},$ $2|A_{0}|=h_{0}$ , (31)
(18) . $\kappa_{1}=0$ (30)
. $\kappa_{1}\neq 0$ critical point
.
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, , (29) $R>0$
. $A$
$A=A_{\mathrm{s}}$ sech $(\Lambda_{\mathrm{s}}\zeta_{1}+\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.)$ (32)
. $A_{\mathrm{s}}^{2}=2R/Q,$ $\Lambda_{\mathrm{s}}^{2}=R/P$ . (23) , $h$
$h=2\sqrt{\frac{2R}{Q}}\mathrm{s}\mathrm{e}\ (\sqrt{\frac{\sigma R}{P}}\zeta+\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.)\cos(\kappa\zeta)+O(\sigma)$ (33)
.
, $A$ $|A|\exp(\mathrm{i}\psi)$ , $\psi_{0}$
$\psi$
$|A|^{2}=z_{2}+(z_{3}-z_{2}) \mathrm{c}\mathrm{n}^{2}\{[\frac{(z_{3}-z_{1})Q}{2P}]^{1/2}(\zeta_{1}+\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.)\}$ (34)
. $z_{1},$ $z_{2},$ $z_{3}$ 3 Qz3+2Rz2+Sz $=Q(z-z_{1})(z-z_{2})(z_{3}-z)=0$
, $z_{1}\leq z_{2}<z_{3}$ . $z_{1}$ $z_{2}$ 0 , $S$ $R^{2}+QS\leq 0$
, $m$ $[(z_{3}-z_{2})/(z_{3}-z_{1})]^{1/2}$ . $|A|^{2}$
$z_{2}$ $z_{3}$ . $R>0$ R2/Q $<S<0$ $z_{1}=0<z_{2}<z_{3}$
, $R>0$ $S>0$ $z_{1}<z_{2}=0<z_{3}$ . $R<0$
, $S>0$ $z_{1}<z_{2}=0<z_{3}$ , $S<0$
$|A|^{2}$ . $R>0$ $Sarrow \mathrm{O}$ , $z_{2}arrow z_{1}=0,$ $z_{3}arrow 2R/Q,$ $m^{2}arrow 1$
, . (34) critical point
, critical point T critical point
. $\partial\psi/\partial\zeta_{1}\neq 0$ ,
.
33
(2) . (2) ,
$C_{1}( \frac{\mathrm{d}h}{\mathrm{d}\zeta})^{2}+2\epsilon^{2}C_{2}(h\frac{\mathrm{d}h}{\mathrm{d}\zeta})^{2}+C_{3}[2\frac{\mathrm{d}h}{\mathrm{d}\zeta}\frac{\mathrm{d}^{3}h}{\mathrm{d}\zeta^{3}}-(\frac{\mathrm{d}^{2}h}{\mathrm{d}\zeta^{2}})^{2}]+\frac{G}{\sigma}h^{2}=C$ (35)
. , $C$ 0 . $C_{1}<2\sqrt{C_{3}G}/\sigma$
, $h\equiv 0$ . $\zetaarrow-\infty$ $harrow \mathrm{O}$
$h=h_{0}\exp(k\mathrm{d}\zeta)\cos(k_{0}\zeta-\Theta)$ (36)
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. , (2) Runge-Kutta .
$C(=0)$ . 1)
3 4 . 4 3 . 3
$\zeta$
3: $(C_{1}=10.1585, \epsilon=0.1, C_{2}=0.0351, C_{3}=1.29, G=0.07, \sigma=0.0035)$
.
, $C_{1}$ , $\beta$ .
, critical point $\beta^{(2)}$










. , (i) (2) $\mathrm{c}\mathrm{n}$ , (i) $\sigma$
, (iii) , (i), (ii)
, (iv) (\"u)
.
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